Abstract Docosahexaenoic acid (DHA) is important for central nervous system function during pathological states such as ischemia. DHA reduces neuronal injury in experimental brain ischemia; however, the underlying mechanisms are not well understood. In the present study, we investigated the effects of DHA on acute hippocampal slices subjected to experimental ischemia by transient oxygen and glucose deprivation (OGD) and re-oxygenation and the possible involvement of purinergic receptors as the mechanism underlying DHAmediated neuroprotection. We observed that cellular viability reduction induced by experimental ischemia as well as cell damage and thiobarbituric acid reactive substances (TBARS) production induced by glutamate (10 mM) were prevented by hippocampal slices pretreated with DHA (5 μM). However, glutamate uptake reduction induced by OGD and reoxygenation was not prevented by DHA. The beneficial effect of DHA against cellular viability reduction induced by OGD and re-oxygenation was blocked with PPADS (3 μM), a nonselective P2X 1-5 receptor antagonist as well as with a combination of TNP-APT (100 nM) plus brilliant blue (100 nM), which blocked P2X 1 , P2X 3 , P2X 2/3 , and P2X 7 receptors, respectively. Moreover, adenosine receptors blockade with A 1 receptor antagonist DPCPX (100 nM) or with A 2B receptor antagonist alloxazine (100 nM) inhibited DHAmediated neuroprotection. The addition of an A 2A receptor antagonist ZM241385 (50 nM), or A 3 receptor antagonist VUF5574 (1 μM) was ineffective. Taken together, our results indicated that neuroprotective actions of DHA may depend on P2X, A 1 , and A 2B purinergic receptors activation. Our results reinforce the notion that dietary DHA may act as a local purinergic modulator in order to prevent neurodegenerative diseases.
Introduction
In the USA, stroke represents the third major cause of death in adults, affecting over 800,000 persons per year [73] . Ischemic stroke, the predominant stroke subtype in many populations, has defined risk factors that can, in part, be effectively reduced through preventive regimens [77] . Diet intervention is one example that may impact upon risk factors for stroke [79] . Long-chain n-3 polyunsaturated fatty acids (n-3 FA), especially docosahexaenoic acid (DHA, C22:6 n-3) which is found in high concentration in marine foods, are suggested to be one of these preventive nutrients [8] .
DHA is the major n-3 FA in the mammalian central nervous system (CNS) and it can be obtained through diet or to a limited extent via conversion from its precursor, alfa-linolenic acid, in the liver and astrocytes [60] . During brain ischemia and reperfusion, DHA is cleaved from membrane phospholipids to free (unesterified) DHA by phospholipase A 2 reaching up micromolar concentrations [58] .
Concerning the protective roles of DHA against injuries in animal models, it has been shown that DHA protects rats against excitotoxicity and seizures [44, 71] and reduces neuronal damage in experimental brain ischemia [6, 13] . DHA attenuate brain necrosis after hypoxic ischemic injury, mainly by increasing antioxidant activity for better coping with reactive oxygen species (ROS) [43] . Alternatively, in the onset of brain injury, DHA could be released from the membrane phospholipids and generate the neuroprotectin D1 (NPD1), a docosanoid responsible for some protective effects mediated by DHA [4] . In spite of that, the exact mechanism by which DHA exerts neuroprotective effect against ischemic insult is not fully understood and DHA is believed to affect multiple pathways [3, 24] .
Oxygen and glucose deprivation (OGD) in hippocampal brain slices is an established model of ischemia in vitro that can be used to explore potential protective compounds in a cerebral structure particularly susceptible to ischemic insult. Moreover, the hippocampal slice is a fresh tissue preparation that maintains the cellular architecture and connections observed in situ [2, 56] . During brain ischemia, the rapid energy failure causes ATP depletion and ionic imbalance, Na + /K + electrochemical gradient collapse, resulting in increased glutamate release to the extracellular milieu. After OGD, when oxygen levels are normalized in the re-oxygenation period, additional generation of ROS mostly due to the mitochondrial electron transport chain, may reverse glutamate transporters activity, leading to excessive glutamate release [23] and excitotoxicity [39] . It has been previously demonstrated that the decrease on glutamate uptake evoked by OGD was attenuated in hippocampal slices obtained from rats supplemented with n-3 FA, suggesting DHA may modulate excitotoxicity [49] .
It has been shown that DHA release from membranes follows activation of ATP receptors [70] and DHA modulates ATPinduced inward currents [28] . ATP is a pleiotropic cell signaling molecule in the brain that functions through activation of the P2 receptors, named ionotropic P2X or metabotropic P2Y receptors. Noxious brain insults can increase the extracellular levels of ATP, and different P2 receptors are involved in the control of ischemic brain damage [14, 31, 32, 57] .
Adenosine extracellular concentration has been shown to be increased during an ischemic situation. It can occur due to the imbalance between ATP degradation and re-synthesis, increasing intracellular adenosine levels, leading to its release to extracellular space by the activity of nucleoside transporters. Additionally, adenosine formation can also take place at the extracellular space, through the hydrolysis of released ATP [81] . Adenosine displays its effects mediated by activation of members of a family of G protein-coupled receptors, A 1 , A 2A , A 2B , and A 3 receptors. In the CNS, adenosine exerts a wide range of effects [33, 34] , but it has a general inhibitory presynaptic activity on glutamatergic transmission [19] and a protective role against excitotoxic/ischemic damage in the brain [40] .
In this study, we investigated the neuroprotective role of DHA-enrichment of hippocampal slices against cell damage induced by experimental ischemia. Studies on DHA-mediated neuroprotection have prompted the question regarding the mechanism by which DHA provide neuroprotection. Thus, we have verified if the neuroprotective effect of DHA against OGD-induced cell damage in hippocampal slices involves the modulation of processes that contributes to neuroprotection against brain ischemia, such as suppression of excitotoxicity and modulation of the purinergic system. Here, we demonstrate that OGD produces a substantial reduction on cellular viability in hippocampal slices which can be prevented by preincubation with DHA. The neuroprotection afforded by DHA against OGD and excitotoxicity was not dependent on glutamate transport, but it involves the modulation of P2X as well as A 1 and A 2B adenosine receptors.
Materials and methods

Drugs L-[
3 H]glutamate was purchased from GE Healthcare. All other reagents were obtained from Sigma, St. Louis, MO, USA. DHA was dissolved weekly in ethanol at 10 mM concentration and stored at −20°C before use. The experimental concentration of DHA was obtained by dilution of the stocks. When DHA stocks were diluted to the concentrations tested (1-50 μM), the concentration of ethanol was 0.16 % (g/100 ml). Control studies revealed that this concentration of ethanol had no effect on hippocampal cell viability (data not shown). Nonselective P2 receptor antagonist pyridoxal phosphate-6-azophenyl-2,4-disulfonic acid (PPADS), P2X 1 , P2X 3 , and P2X 2/3 receptor antagonist (2′,3′-O-(2,4,6-trinitrophenyl) adenosine 5′-triphosphate monolithium trisodium salt) (TNP-ATP); P2X 7 receptor antagonist brilliant blue (BBG) were dissolved in water. A 1 receptor selective antagonist 8-cyclopentyl-1,3-dipropylxanthine (DPCPX), A 2A receptor antagonist 4-(−2-[7-amino-2-{2-furyl}{1,2,4}triazolo{2,3-a} {1,3,5}triazin-5-ylamino]ethyl)phenol (ZM241385) and alloxazine were dissolved in dimethylsufoxide (DMSO). The final concentration of these compounds did not exceed 0.01 % DMSO when added to slices. The selective A 3 receptor antagonist N-(2-methoxyphenyl)-N′-[2-(3-pyridinyl)-4-quinazolinyl]-urea (VUF5574, 1 μM) was also prepared in DMSO and added to slices at a final concentration of 1 % DMSO. The antagonists were then diluted in physiological buffer to reach its final concentration: 3 μM PPADS; 100 nM TNP-ATP and 100 nM BBG [11, 38] ; 100 nM DPCPX and 50 nM ZM241385 [47] ; 100 nM alloxazine and 1 μM VUF5574 [30] .
Animals
Male Swiss mice (60-90 days of postnatal age and weighted 20-30 g) were maintained on a 12-hour (h) light-12 h dark schedule at 25°C, with food and water ad libitum. [56] .
Experimental ischemia by transient oxygen and glucose deprivation in hippocampal slices
To induce OGD, the slices were incubated in the oxygen and glucose deprived buffer (were D-glucose was replaced by 2-deoxyglucose) under 95 % N 2 /5 % CO 2 for 15 min [68] . After OGD, hippocampal slices were incubated in the presence of oxygen and glucose (HS and bubbled with 95 % O 2 ) for another 2 h (re-oxygenation period) (2) . In order to verify the neuroprotective effect of DHA, slices treatment was performed as follows: (a) slices were preincubated with DHA diluted in HS for 15 min, subjected to OGD in the presence of DHA, and then allowed to re-oxygenate for 2 h without DHA; (b) slices were subjected to OGD and then DHA was added in re-oxygenation period [9] . In experiments where adenosine or ATP receptors antagonists were tested, hippocampal slices were treated with the antagonists for 15 min before adding DHA and they were kept together with DHA during preincubation and OGD period. These included the following: nonselective P2X receptors antagonist PPADS (3 μM); P2X 1 , P2X 3 , and P2X 2/3 selective receptor antagonist TNP-ATP (100 nM); P2X 7 selective receptor antagonist BBG (100 nM); A 1 selective receptor antagonist (DPCPX, 100 nM); A 2A selective receptor antagonist (ZM241385, 50 nM); A 2B antagonist (aloxazine, 0.1 μM); and A 3 R antagonist (VUF5574, 1 μM). In all sets of experiments, control group was incubated for the entire duration of the experiments in the presence of oxygen and glucose (HS and bubbled with 95 % O 2 ) and cellular viability was consider as 100 %.
Excitotoxicity protocol
To verify the neuroprotective effect of DHA against excitotoxicity, hippocampal slices were incubated for 2 h in HF solution containing 10 mM of glutamate [48] . When present, DHA was preincubated for 15 min before adding glutamate. The cellular viability was evaluated at the end of 2 h incubation with glutamate. In all sets of experiments, control group was incubated for the entire duration of the experiments in HS and cellular viability considered as 100 %.
Cellular viability assay
Cell viability was determined through the ability of cells to reduce MTT (3-(4,5-dimethylthiazol-2-yl-diphenyltetrazolium bromide, Sigma) [51] . Hippocampal slices were incubated with MTT (0.5 mg/ml) in HS for 30 min at 37°C. The tetrazolium ring of MTT can be cleaved by active dehydrogenases in order to produce a precipitated formazan. The formazan produced was solubilized by adding 200 μl DMSO, resulting in a colored compound which optical density was measured in a microplate reader (Labsystems Multiskan MS-550 nm).
Glutamate uptake assay L-[
3 H]glutamate uptake was evaluated as previously described [47] . After OGD and re-oxygenation protocol, hippocampal slices were maintained for 15 min at 37°C in a Hank's balanced salt solution (HBSS), composition in mM: 1. ]glutamate with 100 μM of unlabeled glutamate. Incubation was stopped immediately after 7 min by discarding the incubation medium, and slices were subjected to two ice-cold washes with 1 ml HBSS. Slices were solubilized by adding a solution with 0.1 % NaOH/0.01 % SDS and incubated overnight. Aliquots of slice lysates were taken for determination of the intracellular content of L-[ 3 H]glutamate by scintillation counting. Sodiumindependent uptake was determined by using choline chloride, instead of sodium chloride in the HBSS buffer. Unspecific sodium-independent uptake (approximately 30 % of total glutamate uptake) was subtracted from total uptake to obtain the specific sodium-dependent glutamate uptake. Results were expressed in nmol of L [ 
Thiobarbituric acid reactive substances assay
The lipid peroxidation end-products were determined by the thiobarbituric acid reactive substances (TBARS) assay originally described by Ohkawa et al. [54] . At the end of the experiment, samples were incubated with 0.45 M acetic acid/HCl buffer, pH 3.4, 0.28 % thiobarbituric acid, 1.2 % SDS, and thereafter at 95°C for 60 min to promote color reaction, measured at 532 nm. Malondialdehyde (0 to 3 nmol/ mL) was used as a standard. Protein concentration was determined by the method of Lowry [41] using bovine serum albumin as standard.
Statistical analysis
Results are expressed as means ± standard errors of means (SEM). Comparisons among groups were performed by oneway analysis of variance (ANOVA) followed by Tukey's test with P<0.05 considered to be statistically significant.
Results
OGD-induced cell damage is prevented by DHA
The aim of the current study was to elucidate the possible involvement of excitotoxicity inhibition and/or purinergic system in the neuroprotective effect of DHA against transient oxygen and glucose deprivation (OGD)-induced damage in mice hippocampal slices.
Firstly, we tested the concentration of DHA necessary to afford neuroprotection in our model and whether DHAmediated neuroprotection was achieved during or after OGD (re-oxygenation) period. Under physiological conditions, hippocampal slices incubation with increasing concentrations of DHA (1-50 μM) alone did not affect cellular viability (Fig. 1a) . When subjected to OGD, cellular viability of hippocampal slices was significantly reduced by 33 % (Fig. 1b  and c) . However, when DHA was preincubated for 15 min and maintained during OGD period, it was able to prevent cell viability reduction in a concentration-dependent manner (Fig. 1b) , being the lower effective concentration 5 μM. In contrast, DHA did not show any protective effect when it is added after OGD, during the re-oxygenation period (Fig. 1c) . Based on these results, in the following experiments, DHA was used at 5 μM, preincubated and maintained during OGD, in order to study DHA-mediated neuroprotective mechanism.
DHA prevents excitotoxicity-induced cell damage, but it does not alter glutamate uptake Studies of excitotoxicity mimic one consequence (high extracellular glutamate) of energy failure associated with cerebral ischemia [17] . Thus, we also verified if DHA was able to prevent excitotoxicity-induced cell damage in hippocampal brain slices [48] . As shown in Fig. 2a and b, 5 μM DHA was effective in preventing cellular viability reduction as well as lipid peroxidation as an index of ROS production induced by 10 mM glutamate.
The cascade of events in response to cerebral ischemia is still being debated. However, it is generally accepted that a large amount of glutamate released can lead to excitotoxicity, so, we decided to investigate if DHA was able to modulate glutamate transport in OGD-stimulated slices. Figure 2c demonstrates that OGD significantly reduced glutamate uptake which was not prevented by DHA, indicating that modulation of glutamate transporters activity seems not to be the mechanism involved in DHA-mediated neuroprotection against OGD. When only DHA was applied to hippocampal slices, glutamate uptake was unchanged in comparison to control. DHA prevents OGD-induced cell damage via ATP receptors activation ATP is released during ischemia [22] and induces DHA release from membrane [70] , so, we evaluated if the nonselective P2 receptor antagonist PPADS (3 μM) which blocks P2X 1-5 could inhibit the neuroprotective effect of DHA. Our results showed that neuroprotection afforded by DHA was fully inhibited by PPADS (Fig. 3a) indicating that P2X receptors are involved in DHA-mediated neuroprotection.
The P2X [1] [2] [3] [4] [5] [6] [7] receptors are composed of homomeric or heteromeric assemblies of three or six subunits [11] . All seven isoforms of P2X receptors identified are expressed in the CNS and assembled to different homomeric and heteromeric channels, e.g., P2X 2/3 . The P2Y receptor family is activated by extracellular adenine and/or uracil nucleotides or in the case of the P2Y14 receptor, by sugar nucleotides. Because we are interested only in adenine nucleotide effects, we decided to evaluate the involvement of some selective P2X receptors in the neuroprotective mechanism of DHA. To achieve this, hippocampal slices were preincubated with TNP-ATP (100 nM), which inhibits ATP-induced currents in cells expressing P2X 1 , P2X 3 , and heteromeric P2X 2/3 receptors [62] , or with BBG (100 nM), a selective P2X 7 receptor antagonist [37] . Figure 3b and c show that neither TNP-ATP nor BBG could inhibit DHA-mediated neuroprotection against OGD. However, when both antagonists were co-incubated, a complete inhibition of DHA-induced neuroprotection was observed (Fig. 3d) . These results corroborate the effect of PPADS and indicate that at least P2X 1-5 , heteromeric P2X 2/3 , and P2X 7 receptor activation are required for the neuroprotective effect of DHA against OGD-induced cell injury.
Nonetheless, direct application of ATP to brain primary neuronal and organotypic cultures is per se toxic [1] and in these situations, antagonists of P2 receptors have been often neuroprotective [12, 25, 31] , so, we also tested the effect of the various ATP antagonists in OGD-induced cell damage. As we can also see in Figs. 3a-d, preincubation and maintenance of PPADS, TNP-ATP, BBG, or TNP-ATP plus BBG during OGD did not interfere with cell damage induced by OGD, which indicates that in our experimental model, ATP itself had no neuroprotective or detrimental effect on OGDinduced cell damage, but it can mediate neuroprotection evoked by DHA.
DHA prevents OGD-induced cell damage via adenosine receptors activation
As previously mentioned, adenosine can derive from ATP through the enzymatic activity of ecto-nucleotidases which are ubiquitously distributed in the nervous system. Thus, we also investigated the effect of DHA in OGD-stimulated hippocampal slices upon blockade of adenosine receptors. Hippocampal slices preincubation with A 1 (DPCPX) or A 2B (alloxazine), but not with A 2A (ZM 241385) or A 3 (VUF 5574) receptor antagonists abolished the neuroprotective effect of DHA (Fig. 4a-d) . These results indicate that A 1 and Fig. 2 Effect of DHA on glutamate-induced excitotoxicity and on glutamate uptake into hippocampal slices subjected to oxygen/glucose deprivation and re-oxygenation (OGD). Effect of DHA (5 μM) on a cellular viability and b TBARS levels in hippocampal slices incubated with 10 mM glutamate (Glu) for 2 h. Control group (dashed lines) was considered as 100 %. These results represent means ± SEM of six experiments carried out in triplicates. Two asterisk indicate means significantly different from control group (P<0.01) and number sign indicates mean significantly different from glutamate (Glu) group (P<0.05) (one-way ANOVA followed by Tukey's test). A 2B receptor activation are required for the neuroprotective effect of DHA against OGD-induced cell viability reduction. In the presented study, we also showed that blockade of A 2B or A 3 receptors did not influence the extent of cell damage caused by OGD, and a previous study conducted by our group [55] already demonstrated that DPCPX and ZM 241385 did not alter cellular viability reduction induced by OGD, which indicates that A 1 and A 2A receptors are not involved in cell damage induced by OGD. Altogether, these results indicate that in our experimental model, adenosine alone has no neuroprotective effect against OGD-induced cell damage, but it can mediate neuroprotection in the presence of DHA.
Discussion
Despite evidences of DHA as an important neuroprotective agent in the CNS, the exact mechanism by which DHA exerts its effect is not fully understood. In the present study, the involvement of purinergic receptors on the neuroprotective effect of DHA against OGD-induced cell damage to hippocampal slices was tested. Our results demonstrate that DHA blocks OGD-induced hippocampal degeneration through activation of P2X, A 1 , and A 2B receptors.
In order to assess the effect of DHA on cellular viability, hippocampal slices from adult mice were subjected to OGD and re-oxygenation, an in vitro model of brain ischemia. DHA Blockade of P2X 1 , P2X 3 , P2X 2/3 , and P2X 7 receptors with the combination of selective antagonists TNP-ATP and BBG. In this figure, three asterisks (P<0.001) represent means significantly different from control group and two number signs (P < 0.01) represent means significantly different from OGD and TNP + BBG + DHA + OGD groups. Statistical analysis was performed by ANOVA followed by Tukey's test preincubation, in a concentration-dependent manner, abolished hippocampal cell viability reduction evoked by OGD and re-oxygenation. These results are in good agreement with previous reports in the literature that used hippocampal slices [69] , or neuronal [80] and astrocytes cultures [5] where DHA protects against in vitro ischemia at low micromolar range. Besides evidence that acute treatment with DHA reduces the injury after a permanent focal cerebral ischemia in rats [27] , in our study, the presence of DHA only in the reoxygenation period did not protect hippocampal slices from OGD-induced cell damage. Epidemiological studies demonstrated that n-3 FA consumption provides benefits in stroke outcomes [42, 45, 50, 63] . Since DHA is widely available at low cost and has an excellent safety profile, our data support these data and suggests that diet-induced accumulation of DHA in the brain may prevent post-ischemic injury.
During OGD, there is a lack of glucose and oxygen with subsequent depletion of ATP which leads to collapse of Na + / K + electrochemical gradient, leading to reversal of glutamate transport. After OGD, additional generation of ROS might result in oxidation of glutamate transporters [74] with consequent excessive glutamate release [23] . Our results demonstrated that DHA is able to prevent cellular viability reduction and lipid peroxidation probably due to ROS production evoked by excitotoxicity, but it failed to prevent OGDinduced decrease of glutamate uptake. Newly taken up DHA incorporates predominantly into phospholipids, thereby increasing the ROS-scavenging capacity of the cells [29, 52] and prevention of excitotoxicity [44, 76] . Regarding the effect of DHA on glutamate uptake, it has been shown that DHA reduces D-[ 3 H]aspartate uptake in astrocytes cultured under basal conditions but not in reactive astrocytes [36] . So, our results reinforce the idea that DHA does not regulate glutamate transport under pathological situations and suggest that neuroprotection afforded by DHA may involve direct interaction with glutamate receptors, as previously suggested [53, 78] .
Another way to counteract excitotoxicity-induced cell damage during ischemia is through modulation of purinergic system [57] . Either adenosine or ATP seems to become particularly important signaling molecules under ischemia, when extracellular concentrations of either compound drastically rises [18, 22] . Usually, brain damage results in ATP release and upregulation of P2 receptors in both neuronal and glial membranes, which contribute to the enhancement of purinergic transmission and sometimes to the aggravation of toxicity [15, 31] . However, the presence of ATP receptors antagonists does not influence the amount of OGD and reoxygenation-induced cell damage to hippocampal slices, indicating that the release of ATP is not sufficient to reduce cellular viability in our experimental model. In contrast, blockade of P2X receptors, particularly P2X 1-5 , P2X 2/3 , and P2X 7 receptors, completely abolished DHA-mediated neuroprotection against OGD, suggesting an inhibition of DHA release from astrocyte membrane [69] or direct interaction between DHA and ATP receptors [5, 28, 64] .
In the SNC, the modulatory effects of ATP are difficult to clarify due to its rapid degradation by the ecto-enzymes and the consequent formation of adenosine [19] . It is well known that adenosine exerts important neuroprotective effects during brain ischemic insults by activating A 1 receptor, which profoundly inhibits synaptic transmission and, in particular, the release of glutamate [20] . However, despite that adenosine is released during ischemia, A 1 receptor does not participate in the modulation of excitotoxic glutamate release, which is nonsynaptic and is due to the reverse operation of transporters [66] . Instead, extrasynaptic A 1 receptor might be responsible for the neuroprotection afforded by A 1 receptor activation. In addition, in hippocampal neurons, A 1 receptor is mainly present in nerve terminals and enriched in the postsynaptic density [61, 72] where it modulates glutamate receptors [26] . Since DHA was unable to prevent OGD-induced decrease of glutamate uptake, but its neuroprotective effect is blocked by A 1 receptor antagonist, we may speculate that DHA-evoked neuroprotection involves extracellular adenosine formation from ATP and/or direct adenosine release. Accordingly, it was demonstrated that arachidonic acid, another polyunsaturated fatty acid, facilitated adenosine release from hippocampal nerve terminals [21] . Moreover, it has been shown in malignant cells that the protective effect of DHA is achieved due to increased expression of adenosine receptor [65] . Taken together, these data suggest that DHA neuroprotective mechanism of action may involve bolstering of purinergic receptors.
There are three other adenosine receptors (A 2A , A 2B , and A 3 ) in the hippocampus, but their density and adenosine affinity are lower than A 1 receptor [35] . Evidence point out for A 2B involvement in the survival of cortical neurons against excitotoxicity [46] and in the presented study, blockade of A 2B receptors with alloxazine prevented DHA-mediated neuroprotection against OGD. However, one may consider that the alloxazine concentration used in our study is not selective to A 2B receptor and may also block A 1 receptor [10] , reinforcing the above-mentioned effects. A 3 receptor activation has been shown to promote the recovery of synaptic responses following OGD in the CA1 region [59] ; however, reports are unclear and contrasting on the neuroprotective effects of A 3 receptor modulation during ischemia [75] . In our study A 3 receptor activation is not related to DHA-mediated neuroprotection against OGD. Regarding A 2A receptor, it has been shown that in certain situations, adenosine can exacerbate neurotoxicity via A 2A receptor-mediated effects [67] and A 2A receptor antagonists are confirmed to have neuroprotective role in different models of ischemia [16] . In accordance, in our study, DHA-promoted neuroprotection is not mediated by A 2A receptors activation.
Purines, especially adenosine, and their receptors have been viewed as potential therapeutic agents for the treatment of stroke. In a translational point of view, however, adenosinebased therapies for the treatment of stroke are complex in their implementation [7] . Difficulties stem from the widespread distribution of adenosine receptors within CNS and throughout the body. For this reason, direct targeting of specific adenosine receptors leads to widespread side effects. So, this study hypothesizes that an optimal brain DHA status, conferred by an adequate n-3 FA intake, would limit ischemicrelated brain damage by optimizing endogenous brain repair mechanisms such as local modulation of purinergic signaling.
